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Helianthus annuus L. plants were germinated and grown under environmentally controlled conditions in Long 
Ashton nutrient medium using nitrogen supplied in the form of 2 mM nitrate, 2 mM ammonium or 1 mM nitrate 
+ 1 mM ammonium and harvested after either 4 or 10 weeks of growth. Ammonium oxidation was prevented 
by the inclusion of nitrapyrin to the nutrient solutions. After 4 weeks of growth the mixed feed plants had 18% 
greater leaf area than the nitrate-only and 23% greater leaf area than the ammonium-only fed plants. Both 
the 4- and 10-week-old mixed-feed plants had greater fresh and dry mass, lower transpiration rates and 
greater water use efficiency than plants of either of the other two nutrient regimes. The fruit mass for the 
mixed feed plants was 25% greater than the nitrate-only and more than dOUble that of the ammonium-only 
fed plants. The bound nitrogen content of both the nitrate-only and mixed-feed plants was over 30% greater 
than that of the ammonium-only fed plants, although individual seed nitrogen concentration was the same. 
Combined ammonium + nitrate is therefore considered to be a more efficient nitrogen source for sunflower 
production than either nitrate or ammonium fed singly. 
Helianthus annuus L.-plante is ontkiem en gekweek onder gekontroleerde omgewingstoestande in Long 
Ashton-voedingsmedium waarin stikstof voorsien is in die vorm van 2 mM nitraat of 2 mM ammonium, of 
1 mM nitraat + 1 mM ammonium. Die plante is na 4 en 10 weke na opkom ge-oes. Die byvoeging van 
nitrapirien by die voedingsoplossing het ammoniumoksidasie voorkom. Na 4 weke van groei het die plante 
met die gemengde voeding 'n 18% groter blaaroppervlakte as die wat slegs nitraat en 'n 23% groter 
blaaroppervlakte as die wat slegs ammonium ontvang het, gehad. Beide die 4- en 10-week-oue plante wat 
gemengde voeding ontvang het, het groter vars- en droemassas, laer transpirasietempo's en groter 
waterverbruiksdoeltreffendheid vertoon as enige van die ander twee voedingbehandelings. Die saadmassa 
van plante met gemengde voeding was 25% hoer as die wat slegs nitraat, en meer as dubbel as die wat 
slegs ammonium ontvang het. Die gebonde stikstofinhoud van plante wat slegs nitraat of gemengde voeding 
ontvang het, was meer as 30% hoer as die van plante wat slegs ammonium ontvang het. Die stikstofkonsen-
trasie van individuele sade was egter dieselfde. Die kombinasie van ammonium + nitraat word dus as 'n 
meer doeltreffende stikstofbron vir sonneblomproduksie beskou as nitraat of ammonium aileen. 
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Introduction 
A number of reports show that NH4 + provided along with 
N~ - has greater beneficial effects on the growth of many 
plants than either N form alone. Mohanty & Fletcher (1976) 
reported that 'Paul's Scarlet' rose cells in suspension culture 
showed a two-fold increase in mass when 0.91 mM N~ + 
was included in medium containing 25 mM N03- . Yields of 
wheat were 50% higher when grown in N~ + plus N03-
than when grown in either source alone in a continuous-flow 
culture system (Cox & Reisenauer, 1973). Schrader et al. 
(1972) reported that fresh weights of maize plant parts were 
higher when plants were supplied 100 mg N kg-I soil as a 
N~-/N~ + mixture (25:75, 50:50 or 72:25) than when 100 
mg N kg-I soil as either N03 - (100:0) or N~ + (0: 1(0) were 
provided. Lewis et al. (1986) found that the dry mass of 
barley plants grown in ammonium + nitrate was 12% 
greater than nitrate-only grown and 22% greater than 
ammonium-only grown plants. 
In South Africa the sunflower is one of the most 
important oil-seed crops. It is mainly used for culinary 
purposes (cooking oil and margarine), but it can also be 
used as a fuel for diesel engines. The remaining high-protein 
oil cake is a valuable stock feed. In the experimentation 
reported here the growth and productivity of sunflower 
plants (Helianthus annuus) has been investigated at the 
vegetative and fruit-filling stages in response to nitrogen 
source, by growing the plants in full nutrient solution 
containing nitrate only, ammonium only or a 1:1 mixture of 
nitrate and ammonium. 
Materials and Methods 
Seeds of Helianthus annuus L. var. Dwarf Sungold 
Sunflower were germinated in a Conviron Seed Germinator, 
Model G30 at 25°C and approximately 100% relative 
humidity on stainless steel trays containing No. 3 grade 
vermiculite. When the cotyledons of each plant were about 
5 cm high and before the first leaves appeared, the 
vermiculite was carefully removed from the root which was 
then placed through the lid of a 2- or 5-1 jar containing one 
of the Long Ashton hydroponic feeding solutions (Hewitt 
1966). Included with the micronutrients was 5 mg I-I 
nitrapyrin [2-chloro-6 (trichloromethyl) pyridine] (The Dow 
Chemical Company). Every jar was aerated through a Festo 
manifold system [Festo (Pty) Ltd., Cape Town, South 
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Table 1 Fresh mass (FM) , dry mass (DM), nitrogen content (N) and nitrogen concentration (N cone) of the shoots 
and roots of 4-week-old sunflower plants fed nutrient sources containing 2 mM nitrate or 2 mM ammonium or 1 mM 
nitrate + 1 mM ammonium [mean of 10 plants + standard deviation from the mean. Corresponding values with 
different superscripts are significantly different at the 5% level (L.5.D. multiple range tests)] 
2 mM N03--fed 1 mM N03- + 1 mM NIV-fed 2 mM NH4 +-fed 
FM DM N Nconc FM DM N N conc FM DM N N cone 
(g) (g) (mg) (mg g- I DW) (g) (g) (mg) (mg g-I DW) (g) (g) (mg) (mg g-I DW) 
Shoot 19.7S- 2.15- 51.2- 23.S- 29.99b 2.95b 70.2b 23 .7- 21.60" 2.21- 52.6- 23.S-
(0.66) (0.09) (2.1) (1.1) (O.S5) (O.OS) (1.9) (1.1) (0.S5) (O.OS) (1.9) (0.9) 
Root 23.94- 2.42- 46.3- 19.1- 24.SS' 2.36- 45.2b 19.1- 16.00b 1.0Qh 19.1< 19.1-
(1.10) (0.08) (1.5) (0.5) (0.78) (O.OS) (1.5) (0.2) (0.71) (0.06) (1.1) (0.4) 
Total 43.72- 4.55- 97S 21.4- 54.S7b 5.31b 115.4b 21.7- 37.61< 3.21< 71.7< 22.3-
(1.59) (0.18) (3.7) (0.7) (1.52) (0.15) 
Africa] which supplied equalized air flow to all jars. 
Solutions were changed twice per week in the 5-1 jars and 
three times per week in the 2-1 jars. Plant transpiration for 
the entire growth period was calculated by summing the 
water lost at each nutrient change (minus controls without 
plants) for both the 4- and lO-week-old plants. 
Plants were grown from seedling stage to harvesting in a 
Conviron Model E15 Growth Chamber under the following 
conditions: day temperature 22°C, night temperature 18°C, 
relative humidity 70%, photoperiod 14 h, with illumination 
supplied by Sylvania (Canada), cool white high intensity 
fluorescent lamps (irradiance at the leaf surface 400 J.Lmol 
m-2 S-I), supplemented with 60W incandescent lamps 
(irradiance at the leaf surface 32 J.Lmol m-2 S- I). 
The fresh weights of roots and shoot (and fruit for 10-
week-old plants) were determined immediately on harves-
ting. The roots were washed with de-ionized water to 
remove any ions from the root surface. The fresh weights of 
the separate fractions were taken and the material was oven 
dried at 80°C for 24 h. At the end of the drying period, the 
plant material was removed from the oven and allowed to 
cool to room temperature for 15 min at which time dry mass 
(3.4) (0.5) (1 .33) (0.14) (3 .1) (0.7) 
was determined. Total nitrogen determinations for the fruit, 
shoot and root were carried out on 100 mg of milled dried 
material by the Kjeldahl method. 
After 4 weeks of strictly vegetative growth prior to the 
first appearance of an apical bud, ten replicate plants of 
individually grown Helianthus annuus L. were harvested 
into root and shoot. The fresh mass of the plant parts was 
obtained; prior to oven drying the leaves, leaf areas were 
determined by tracing the leaf outline onto 80 g m-2 bond 
paper immediately after the fresh mass was determined. The 
paper outlines of the leaves were then cut out and weighed 
to determine leaf areas using a conversion factor of 
8 mg cm- I . 
A second set of 10 replicate plants for each N -source was 
individually grown in 5-1 jars under the same conditions as 
described for the 4-week-old plants above and harvested 
after 10 weeks of growth. These plants were at an advanced 
stage of seed filling but two additional weeks would be 
required for complete fruit filling (Hocking & Steer 1983). 
Fresh and dry mass for root, shoot and fruit were determined 
as described above. An additional set of 10 plants grown in 
nitrate-only nutrient solution minus nitrapyrin was included 
Table 2 Fresh mass (FM), dry mass (DM), nitrogen content (N) and nitrogen concentration (N cone) of the fruit, 
roots and seeds of 10-week-old sunflower plants fed nutrient sources containing 2 mM nitrate or 2 mM ammonium 
or 1 mM nitrate + 1 mM ammonium [mean of 10 plants + standard deviation from the mean. Corresponding 
values with different superscripts are significantly different at the 5% level (L.5.D. multiple range tests)] 
2 mM N03--fed I mM N03- + I mM N~+-fed 2 mM N~+-fed 
FM DM N N eonc FM DM N N cone FM DM N N cone 
(g) (g) (mg) (mg g-I DW) (g) (g) (mg) (mg g-I DW) (g) (g) (mg) (mg g-I DW) 
Fruit 44.17- 6.9S- 102.2- 14.6- 65.0Sb 1O.63b 155.6b 14.6- 24 .94< 4.45" 65.1< 14.6-
(2.01) (0.20) (1.50) (0.7) (2.13) (0.16) (2.34) (0.2) (1.06) (0. OS) (1.2) (0.3) 
Shoot 277.3- 25.94- 617.1- 23.S- 29S.6b 26.54- 631.4b 23.S- 3IS.2< 29.09b 692.1< 23.S' 
(6.20) (1.02) (1.47) (0.3) (7 .09) (0.77) (1.83) (0.3) (10.5) (O.SI) (19.3) (0.3) 
Root 367.7- 34.7- 664.7- 19.1- 372.2- 36.23b 693.5b 19.1- 2S4.2b 26.67 510.5" 19. 1-
(9.71) (O.SI) (12.7) (0.3) (10.4) (0.95) (1.S2) (0.2) (10.37) (0.77) (14.7) (0.2) 
Total 6S9.2- 67.62- 13S.4O' 20S 735.9b 73.40b 14S.05b 20.2b 627.3< 60.21< 126.70" 21.0' 
(17.71) (1.9S) (2S.9) (0.2) (19.3) (I.SS) (3S.S) (0.2) (2I.S) (14.7) (35.1) (0.2) 
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Table 3 Total leaf area of 4-week-old sunflower 
plants fed nutrient sources containing 2 mM nitrate or 2 
mM ammonium or a mixture of 1 mM nitrate + 1 mM 
ammonium [mean of 10 plants per feeding solution + 
standard deviation from the mean. Corresponding 
values with different superscripts are significantly 
different at the 5% level (L.S.D. multiple range tests)] 
1 mM N03- + 
2mM N~--fed 1 mM N~+-fed 2 mM N~+-fed 
Leaf area 6.71- 8.64b 7.09" 
(dm2) (0.39) (0.36) (0.37) 
to detennine whether the inclusion of nitrapyrin in the 
nutrient solution had any effect upon fresh and dry mass for 
root, shoot and fruit. No such effect was identified. 
Results and Discussion 
Growth response of hydroponically grown sunflower plants 
was far greater to a combined ammonium-nitrate nutrient 
source than to either source (ammonium or nitrate) alone 
(Tables 1 & 2). 
The largest shoot and root masses of 4-week-old plants 
had been produced by the combined nitrogen source (Table 
1). At this growth stage the ammonium-fed plants had 
produced slightly larger shoot systems than the nitrate fed 
plants, but their rooting systems were less than half the size 
of the latter (Table 3), in spite of strict control of pH levels 
in the feeding tanks. Leaf areas for plants of the different 
treatments correlated well with shoot mass production 
(Table 4). The total nitrogen content of the shoot was higher 
than the root in all treatments especially in the case of the 
ammonium-fed plants with their reduced rooting systems 
(Table 1). The nitrogen concentration (mg N g-l dry mass) 
showed remarkable unifonnity in the plants from all treat-
ments, being 23.8 mg g-l DW for shoots and 19.1 mg g-l 
DW for roots regardless of nutrient nitrogen source. 
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Table 4 Shoot root ratios of 4- and 10-week-old sun-
flower plants fed nutrient sources containing 2 mM 
nitrate or 2 mM ammonium or a mixture of 1 mM nitrate 
+ 1 mM ammonium [mean of 10 plants + standard 
deviation from mean. Corresponding values with 
different superscripts are significantly different at the 
5% level (L.S.D. multiple range tests)] 
ImMN03- + 
2 mM N03--fed 1 mM NH4 + -fed 2 mM N~+-fed 
4-week-old 8.81- l.25b 2.22" 
(0.25) (0.02) (0.06) 
100week-old 1.0- l.0- l.3b 
(0) (0) (0) 
At the lO-week fruiting stage the same growth pattern 
was evident as at the 4-week stage (Table 2). Although the 
mixed-feed plants showed the largest total dry mass, the 
ammonium-fed plants produced the largest shoots with the 
highest nitrogen contents but with a much reduced rooting 
system. The nitrogen concentration of the plant organs fed 
the different nitrogen sources was identical to those of the 4-
week-old plants in spite of the onset of the reproductive 
stage. 
Seed production varied considerably between nitrogen 
feeding treatments (Table 2). The greatest seed dry mass 
was produced by the mixed-feed plants; these also contained 
the greatest amount of seed nitrogen. The ammonium-fed 
plants, in spite of their large shoot size, were the poorest 
producers of both seed mass and seed nitrogen (41.9% and 
41.7% respectively of those of the mixed-feed plants) even 
though seed number was approximately the same and 
anthesis had occurred at the same time. The actual nitrogen 
concentration (14.6 mg g-l DW) of the seeds of all 
treatments was, however, identical. The poor seed 
production of the ammonium-fed plants compared with 
ammonium + nitrate-fed plants agrees with the results of 
Table 5 Transpiration rates and relative water use efficiencies of 4-week-old 
sunflower plants fed nutrient sources containing either 2 mM nitrate or 2 mM 
ammonium or a mixture of 1 mM nitrate + 1 mM ammonium [mean of 10 
plants + sta[1dard deviation from the mean. Corresponding values with 
different superscripts are significantly different at the 5% level (L.S.D. multiple 
range tests)] 
Transpiration Rate 
Relative water 
A B C use efficiency 
ml H20 lost ml H20 lost ml H20 lost g DM gained 
N source planel 4 week-I g-I DM 4 week-I dm-2 leaf 4 week-I I-I H20 lost 
2 mM N03- 1238- 270.8- 184.6- 3.69-
(75) (7.1) (0.4) (0.10) 
1 mM N03- + 1220- 229.8b 141.2b 4.35b 
1 mM NH/ (49) (2.9) (0.7) (0.05) 
2mMN~+ 1246- 387.6c 175.r 2.58c 
(66) (6.1) (0.3) (0.04) 
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Lewis & Chadwick (1983) for barley. The reason for this 
effect is not immediately apparent but could be associated 
with translocation problems induced by the fact that in 
Helianthus, nutrient ammonium is assimilated entirely in the 
root whereas nitrate is assimilated largely in the leaf (Kaiser 
& Lewis 1984). Ammonium-fed plants grown through to 
full leaf senescence showed little further increase in seed 
mass, indicating that no development delay compared with 
plants of the other feeding regimes had taken place. 
In Table 5 the transpiration rates and water use efficiency 
data of the 4-week-old plants fed the three nitrogen sources 
are presented. The plants fed the mixed ammonium-nitrate 
nitrogen source show far more efficient water utilization 
than plants fed the other two sources. In terms of water use 
efficiency (grams dry weight gained per litre water 
transpired) the plants fed the mixed nitrogen source proved 
to be 18% more water efficient than the ammonium-fed 
plants. This effect, related to the relatively high transpiration 
rates of the ammonium-fed plants (Table 5), could be due to 
differences in the anatomical resistance of nitrate- and 
ammonium-fed plants to the transfer of water from growing 
medium to atmosphere (Lips et al. 1987). 
Conclusions 
It appears that Helianthus plants fed mixed nitrate-
ammonium as their nitrogen source combine the shoot 
development effect of ammonium-fed plants with the root 
development of nitrate-fed plants to produce plants which 
are larger and produce a greater mass of fruit than either 
nitrogen source alone. The increased fruit mass production 
of the mixed-feed plants, combined with dry mass 
production per litre water lost for the whole plant, indicates 
that the mixed-feed nitrogen source is more efficient than 
either of the single nitrogen sources. Ammonium + nitrate-
fed plants therefore appear to be superior in many respects 
to plants fed either nitrate-only or ammonium-only nitrogen 
sources. 
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